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Recognition ofMycoplasma arthritidis(MA) Membrane Antigens by Rats and Rab-
bits. Leigh Rice Washburn, Barry C. Cole, John R. Ward. University of Utah Col-
lege of Medicine, Salt Lake City, UT
The impaired ability of rats to produce or express metabolic inhibition (MI) antibodies
against MA has been well documented. Cahill et al. [Infect Immun 3:24, 1971] presented
evidence that this might be due to a cross-reacting antigen present on both mycoplasmas and
rat muscle tissue and rat lymphocytes. They observed cross-reactivity by complement fixation
(CF) between rat muscle tissue and MA and reported that mice made "tolerant" at birth to rat
lymphocytes were more susceptible to severe MA-induced arthritis than were normals. We
have attempted to confirm the presence of a cross-reacting antigen on rat tissue and MA using
an enzyme immunoassay (ELISA). In addition, we have attempted to show a difference in the
ability of anti-MA antiserum from rats (MI-negative) and rabbits (MI-positive) to react with
individual MA membrane antigens separated by polyacrylamide gel electrophoresis (PAGE),
on the premise that rats should fail to recognize the major membrane antigen responsible for
eliciting MI antibodies.
Anti-rat muscle and MA antisera were first tested against each ofthese antigens by ELISA.
A preliminaryexperiment had indicated that anti-rat muscleantisera reacted with MA antigens
prepared from organisms grown in whole horse serum-containing medium. However, this ac-
tivity could be absorbed with horse serum, and when theseantisera weretested against MA an-
tigens grown in adialysatemediumcontaining agammahorse serum [Kenny: Ann NYAcad Sci
143:676, 1967], no cross-reactivity was detected. In addition, anti-MA antisera failed to react
with rat muscle antigens, and anti-MA activity for MA could not be absorbed with rat muscle,
nor could anti-rat muscle activity for rat muscle be absorbed with MA. We obtained similar
results with anti-rat spleen and thymocyte antisera. While these results do not completely rule
out the possibility that a cross-reacting antigen is shared by rat tissues and MA, they suggest
that our preliminary results and possibly certain of the results obtained by CF by Cahill et al.
[1971] were in fact due to contamination of mycoplasma antigens with medium constituents.
The use ofantigens for serological studies which have been prepared from organisms grown in
simplified medium of low antigenicity has been strongly advocated by Kenny [The
Mycoplasmas, Vol I. Edited by Barile, Razin. New York, Academic Press 1979, pp 351-384].
The above results serve to further indicate the importance of that approach.
We next examined theability ofrat and rabbit anti-MAantisera to react with MAmembrane
antigens which had been separated by SDS-PAGE. At least nine antigens were recognized by
both antisera, but the pattern was not identical for both. Two membrane fractions wereclearly
recognized less readily by rats than rabbits, and two, less readily by rabbits than rats. Whether
one of the former is the MI antigen is as yet unknown.
The absence ofconventional MI antibodies against MA in rat sera remains unexplained. Our
results indicate that rats and rabbits do not reactequally well with PAGE-separated membrane
components, although our present methodology is not sufficiently sensitive to demonstrate a
clear lack ofrecognition by rats of a particular antigen. Possible explanations for the absence
in rats of MI antibodies against MA include the following: (1) selective immunosuppression,
possibly due to an MA mitogen; (2) masking of the MI antigen by host-derived components in
vivo; (3) biological mimicry, as discussed above and as proposed by Cahill et al. [1971] and
Thirkill et al. [In Vitro 17:405, 1981]; (4) the production of a subclass ofantibody against the
MI antigen which is "defective" and noninhibitory, possibly byvirtueofan inability to fix com-
plement; (5) production of a "blocking antibody" which prevents the expression of MI activity
in vitro. Additional work is under way in our laboratories to attempt to define the correct
mechanism.
Immune Responsiveness of BALB/c Mice Infected with Mycoplasma pulmonis.
Mariko Wakai, M. Yayoshi, M. Araake, M. Kono, Y. Kamagata, T. Uchiyama,
H. Nakano, M. Yoshioka. Tokyo Women's Medical College, Tokyo, Japan
Six-week-old male and female BALB/c mice were inoculated with Mycoplasma pulmonis
(Mp) strain m53 either at the dose of 1.4 to 1.8 x 10'CFU into periarticular (IA) tissue of the
left foot or at the dose of 1.9 x 108 CFU per animal by both intravenous (IV) and IA routes.
The severity of arthritis ofjoints was clinically scored every week. A number of the mice were
sacrificed at certain times up to 28 weeks post-inoculation for mycoplasma isolation, sero-
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logical tests, and lymphocyte transformation assays. Also, a number of the mice were injected
with either one of E. coli lipopolysaccharide (LPS), sheep red blood cells (SRBC), and killed
BCG at several separate times during the course of the study, and immune responses to these
antigens were examined.
In repeated experiments, similar clinical patterns were obtained, as follows: (1) highest
scores obtained at week 2 to 3 followed by a gentle decline, (2) high recovery rate of mycoplas-
mas at least up to 20 weeks after inoculation, and (3) poor complement-fixing and metabolism-
inhibiting antibody titers throughout the whole experimental period.
The antibody-forming cells (AFC), using mouse spleen cells obtained five days after injec-
tion of either LPS or SRBC, were assayed for the respective antigens. LPS-AFC count of Mp-
and LPS-treated mice was significantly lower than that of the mice which had received only
LPS at week 20. SRBC-AFC counts derived from Mp-infected mice compared to those from
non-infected mice were significantly lower at week 5 and higher at week 20.
The migration inhibition tests (MIT) using mouse peritoneal cavity cells obtained three
weeks after injection of BCG were performed against PPD and sonicated Mp antigen
(Mp-Ag). Influence ofMp infection on the cell-mediated immunity against tuberculin tested by
MIT was not observed; on the contrary, MIT against Mp-Ag was enhanced by the in vivo ad-
ministration of BCG.
Lymphocyte transformations wereassayed by 3H-thymidine incorporation into mousespleen
cells. Cells of Mp-infected and non-infected mice did not show any difference when stimulated
by Mp-Ag, LPS, PHA, and Con A, though the stimulation indices of BALB/c mice against
Mp-Ag, PHA, and Con A were significantly higher than those of C57BL/6 mice, in both
Mp-infected and non-infected animals.
These results indicate that, for the experimental system we employed, although a number of
microorganisms are persistently retained for many months in the inoculated or even sometimes
un-inoculated joint tissues, Mp m53 elicits weak specific immune responses, and may mildly
affect the non-specific immune responses, in which T cells rather than B cells are more modi-
fied.
Non-Specific Mitogenic Responses of LEW and F344 Rat Lymphocytes toward
Mycoplasmapulmonis. J.K. Davis, R.B. Thorp, J.W. Simecka, G.H. Cassell. Uni-
versity of Alabama in Birmingham, Birmingham, AL
Lymphoid hyperplasia and infiltration are the predominant histological features of chronic
respiratory disease in rats. Mycoplasmapulmonis, the etiological agent of this disease, non-
specifically activates both T and B lymphocytes of LEW rats in vitro [Naot, et al: Immunol
86:399, 1979]. Furthermore, purified mitogenic material from this organism inoculated intra-
nasally into LEW rats produces an interstitial pneumonia characterized by lymphoid infil-
tration [Naot, et al: J Infect Dis 143:55, 1982]. These observations have prompted the sug-
gestion that mycoplasmal mitogenicity is involved in disease pathogenesis.
We have recently shown that even when matched for age, sex, microbial, and environmental
factors, LEW rats develop more severe respiratory lesions following intranasal inoculation of
M. pulmonis than do F344 rats [Davis and Cassell: Vet Pathol 19:280, 1982]. Differences in
disease severity, progression, and chronicity were found to be associated with differences in
lung lymphoid cell numbers and subpopulation distribution [Davis, et al: Infect Immun
36:720, 1982]. Continual proliferation oflung lymphocytes ofall classes occurred in LEW rats
as compared to arestricted, selectiveproliferation in F344 rats. This observation, coupled with
a disparity between the cellular response and specific antibody response in the two strains, and
the known mitogenic potential of M. pulmonis in LEW rats, led to the hypothesis that dif-
ferences between LEW and F344 rats in lung lesion severity and progression are related to dif-
ferences in the degree of non-specific lymphocyte activation and/or in regulation of lympho-
cyte proliferation.
The purpose of the present study was to compare the in vitro responsiveness of LEW and
F344 lymphocytes to M. pulmonis.
F344 and LEW rat spleen and lung lymphocyte cultures, containing autologous serum, were
exposed to various doses ofMycoplasmapulmonismitogen [Naot, et al: Infect Immun 18:310,
1977], phytohemaglutinin, and pokeweed mitogen, and lymphocyte responsiveness was de-
termined by incorporation of '23-I-iododeoxyuridine. Regardless of the anatomical source,
LEW lymphocytes responded significantly higher (p < 0.001) to all three mitogens, even
914though cultures from the two rat strains were essentially identical in macrophage/lymphocyte
ratios and T/B lymphocyte ratios. Macrophages were involved in the mitogenic response of
both strains as evidenced by a decrease in both themaximal stimulating dose and the maximum
response by F344 and LEW spleen cell cultures following macrophage depletion. Responsive-
ness of spleen lymphocytes from both strains was shown to be affected by serum factors, but
even when cell cultures contained the same serum supplement, lymphocytes from LEW rats
responded to a greater magnitude than did those from F344 rats. When equal numbers of
spleen lymphocytes from both strains were mixed, the response to all three mitogens was equal
to or greater than that of LEW cells alone. This suggests that strain differences are related to
regulatory mechanisms rather than numbers of cell types capable of mitogen-induced pro-
liferation.
This work was supported by Grant HL19741 and Research Career Development Award
K04-HL00387 to Gail H. Cassell from the National Institutes ofHealth. J.K. Davis is a Francis
B. Parker Pulmonary Research Fellow.
Inhibitory Effect of Mycoplasma hyopneumoniae on Mitogen-Induced Lympho-
cyte Transformation. M. Kishima, R.F. Ross. Veterinary Medical Research Insti-
tute, College of Veterinary Medicine, Iowa State University, Ames, IO
The effect of nonviable Mycoplasma hyopneumoniae on transformation of swine peripheral
blood lymphocytes (PBL) by mitogen was investigated. Transformation was evaluated as in-
corporation oftritiated thymidine using a microculture system. M. hyopneumoniae was grown
TABLE 1
Effect of Concentration of Nonviable M. hyopneumoniae Strain J Cells
on PHA-Induced Lymphocyte Transformation
Concentration of M. hyopneumoniae (ug/ml)
Treatment of M. hyopneumoniae 0.2 2 20 50
Non-heated 74.2 ± 2.5 45.9 zf 1.7 48.1 i 4.3 51.9 + 4.4
Heated at 56°C for 30 minutes 104.4 + 3.9 109.7 + 3.8 107.5 + 4.8 108.2 + 3.2
Heated at 60°C for 30 minutes 106.3 f 3.7 110.0 f 2.9 114.7 + 3.8 121.7 + 3.2
PBL were collected from three pigs. Data are expressed as percentage stimulation (cpm in
the culture with PHA and M. hyopneumoniae/cpm in the culture with PHA but without
M. hyopneumoniae x 100).
TABLE 2
Effect of Strain of M. hyopneumoniae on PHA-Induced
Lymphocyte Transformation
Treatment
Strain Non-heated Heated at 60°C for 30 minutes
J 59.6 + 2.3 113.5 + 6.4
11 55.0 + 3.8 105.0 + 7.2
1361A 45.3 + 4.5 108.5 + 6.8
1375C 1.3 + 0.2 110.6 4.8
PBL were collected from three pigs. Final concentration
of M. hyopneumoniae cells was 20 jg/ml. Data are
expressed as percentage stimulation (cpm in the culture
with PHA and M. hyopneumoniae/cpm in the culture with
PHA but without M. hyopneumoniae x 100).
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Influence of Heating of M. hyopneumoniae on
PHA-Induced Lymphocyte Transformation
Temperature
Non-heated 500C 600C 800C 100°C 121°C
48.3 + 1.4 55.6 5.4 103.7 6.4 98.8 + 6.0 105.6 10.7 99.1 + 14.1
M. hyopneumoniae strain J cells were heated at various temperatures for 30 minutes.
Final concentration of M. hyopneumoniae was 20 Ag/ml. PBL were collected from three
pigs. Data are expressed as percentage stimulation (cpm in the culture with PHA and
M. hyopneumoniae/cpm in the culture with PHA but without M. hyopneumoniae x 100).
in Friis medium, killed with sodium azide, and washed with phosphate-buffered saline. Four
strains of M. hyopneumoniae-strain J, strain 11, and two fresh isolates (1361A, 1375C)-
were found to inhibit phytohaemagglutinin (PHA)-induced lymphocyte transformation
(Tables 1 and 2). This inhibitory effect disappeared following heating ofthe mycoplasma cells
at 60°C for 30 minutes (Tables 1, 2, and 3). Moderate enhancement of PHA-induced lympho-
cyte transformation occurred when heated (60°C) M. hyopneumoniae cells were added at a
concentration of 50 ,g/ml (Table 1).
Cell-Mediated and Humoral Immune Response to Mycoplasma hyopneumoniae in
Pigs Enhanced by Dextran Sulfate. M. Kishima, R.F. Ross. Veterinary Medical Re-
search Institute, College of Veterinary Medfcipe, Iowa State University, Ames,
10 C. Kuniyasu. Hokkaido Branch LaboratoYey, National Institute of Animal
Health, Sapporo, Japan
The influence of dextran sulfate (DS), a macrophage inhibitor, on the cell-mediated and
humoral immune response of pigs to nonviable Mycoplasma hyopneumoniae was determined.
The humoral response was determined by means by microplate complement fixation (CF) test.
The cell-mediated response was determined by means oflymphocyte transformation, using up-
take oftritiated thymidine in a microculture system. Peripheral blood lymphocytes (PBL) from
pigs vaccinated with M. hyopneumoniae and DS incorporated substantially more thymidine
than those given the mycoplasma alone (Table 1). Similarly, a markedly greater CF-antibody
response occurred in the M. hyopneumoniae-DS vaccinated group (Table 2). Following in-
tratracheal challenge with viable M. hyopneumoniae, the response of PBL from both vac-
cinated groups was increased, but the response of PBL from pigs vaccinated with M.
hyopneumoniae and DS was still greater than that of pigs receiving the mycoplasma alone.
Enhanced transformation of PBL occurred whenM. hyopneumoniaecells used in the transfor-
TABLE I
Transformation of PBL from Vaccinated and
Non-Vaccinated Pigs by M. hyopneumoniae
Vaccination
M. hyopneumoniae
+
Collection of PBL DS M. hyopneumoniae DS None
Before vaccination 0.9 4 0.1 0.7 7 0.1 1.0 L 0.1 0.9 L 0.1
After vaccination 22.0 5.2 1.3 + 0.1 1.0 :k 0.1 1.1 X 0.1
Each experimental group consisted ofthree pigs. PBL were collected before vaccina-
tion and one week after the fourth vaccination. Data are expressed as stimulation
indices (SI = cpm in stimulated cultures/cpm in control cultures).
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Complement Fixation Antibody Response to M. hyopneumoniae
Vaccination
M. hyopneumoniae
+
Collection of sera DS M. hyopneumoniae DS None
Before vaccination <4 <4 <4 <4
After vaccination 4,096 128 <4 <4
Each experimental group consisted ofthree pigs. Sera were collected before vaccina-
tion and one week after the fourth vaccination. Titers are expressed as the recipro-
cals of the highest serum dilutions with positive reactions.
TABLE 3
Specificity of Lymphocyte Transformation
Antigen cultured with PBL
Source of PBL M. hyopneumoniae M. flocculare M. hyorhinis
Non-vaccinated pigs 0.9 A 0.1 1.3 i 0.2 1.0 * 0.1
Vaccinated pigs 17.6 + 3.1 3.7 + 0.2 1.8 X 0.2
PBL were collected from three non-vaccinated pigs andthreeM. hyopneumoniae-DS
vaccinated pigs. Data areexpressed as stimulation indices. The stimulation indices of
PBL from vaccinated pigs differed when cultured with the three species of myco-
plasma (p < 0.05).
mation assay were heated at 60°C for 30 minutes. Similarly prepared M. flocculare and M.
hyorhinis cells also produced some stimulation of PBL from M. hyopneumoniae-DS vac-
cinated pigs but not nearly as great as when M. hyopneumoniae cells were used (Table 3).
Major Surface Protein Antigen of Mycoplasma hyorhinis Defined by Murine
Monoclonal Antibody. Kim S. Wise, Robyn Watson. University of Missouri-
Columbia, Columbia, MO
A library ofmonoclonal antibodies (Abs) reacting withMycoplasmahyorhinis has been con-
structed by fusing the SP2/O Agl4 myeloma with splenocytes of BALB/c mice immunized
with M. hyorhinis (strain GDL) grown in Hayflick medium supplemented with horse serum.
One monoclonal Ab ('yl,x) from a stable, cloned hybridoma is described, with the following
properties:
1. It (and all members of the library) bound to mycoplasmas in an enzyme-linked im-
munosorbent assay (ELISA). This employed disrupted M. hyorhinis (GDL) from fetal calf
serum-supplemented medium attached to polyvinyl microtiter plates and sequentially incu-
bated with (a) monoclonal Ab, (b) secondary peroxidase-conjugated Ab to mouse Ig, and
(c) peroxidase substrate.
2. It reacted with M. hyorhinis (GDL), colonizing the surface of lymphoblastoid cells as
seen with a double Ab immunofluorescence technique. Most Abs ofthe library failed to bind in
this assay.
3. After double Ab immunoferritin staining using this monoclonal primary Ab, electron
micrographs of cell-associated organisms showed specific, extremely dense staining at the sur-
face of virtually all mycoplasmas.
4. M. hyorhinis(GDL) constituents separated by SDS-polyacrylamide gel electrophoresis of
whole organisms and electrophoretically transferred to nitrocellulose paper ("Western blot")
were treated with this monoclonal Ab followed by incubation with peroxidase-conjugated Ab
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to mouse Ig. A single component of approximately 120,000 MW was detected. Treatment of
blots with trypsin prior to immunological staining prevented the reaction.
Thus, a determinant expressed at the surface ofM. hyorhinis strain GDL is associated with a
major protein of 120,000 MW. ELISA and Western blot analysis showed a lack of this deter-
minant on M. hyorhinis strain BTS-7. The molecular basis of antigenic variation within the
species M. hyorhinis should be further accessible using additional monoclonal antibodies with
the reciprocal selective specificity for strain BTS-7.
Induction of Human y Interferon (IFN'y) by a Mitogen Derived from Mycoplasma
arthritidis and Its Inhibition with Monoclonal Antibodies Against HLA.DR De-
terminants. Barry C. Cole, Ruth N. Thorpe. University ofUtah, Salt Lake City, UT
Abstract: The lymphocytes from six human donors produced interferon (IFN) in response to
supernatants derived from M. arthritidis broth cultures (MAS). The IFN was characterized as
IFN-y. Monoclonal antibodies to HLA.DR determinants suppressed the IFN response.
Introduction: Previous work has established that mycoplasmas are inducers of a interferon
[1,4,9]. Our recent findings on the presence of a T-cell mitogen in M. arthritidis supernatants
(MAS), active for both mouse [5] and human [6,7] lymphocytes, prompted us to evaluate its
ability to induce IFN.
Material and Methods: Supernatants collected from M. arthritidis broth cultures (MAS)
were filtered to remove intact organisms, dialyzed, and frozen at - 70°C 15]. Lymphocyte
suspensions prepared by Ficoll-Hypaque gradient centrifugation 12] were adjusted to 2.5 x
105/ml in RPMI 1640 medium containing 10 percent fetal calf serum and were exposed to
various dilutions of MAS, phytohemagglutinin (PHA), or Newcastle Disease virus (NDV).
Supernatants, collected after one to four days, were assayed for IFN using the microtiter plate
procedure of Green et al. [8] with human WISH cells and encephalomyocarditis virus. Titers
consisted of the reciprocal of the highest dilution calculated to cause 50 percent reduction in
viral plaques. Monoclonal antibodies to HLA.DR determinants were generously supplied by
Dr. Noel Warner (Clone L243, Becton Dickinson) and by Ortho Laboratories (OKIa).
Results andDiscussion: The lymphocytes from six healthy human donors all produced IFN
in response to MAS, NDV, or PHA. MAS-induced IFN peaked after three to four days, giving
maximal levels of281 to 2,187 units. The IFN activity was inactivated with actinomycin D and
IFN was destroyed by trypsin, treatment at pH 2.0 for 24 hours and at 56°C for 30 minutes.
MAS-induced IFN was inactivated by anti-IFN-y antibody but not by anti-IFNa antibody. We
conclude that MAS induces IFN-y.
Since previous work indicated that murine [5] and human [7] T-cell proliferative responses to
MAS were dependent on Ia or HLA.DR antigen-bearing cells, respectively, we studied the ef-
fect of monoclonal antibodies to HLA.DR determinants on IFN responses to MAS. Both
monoclonals markedly inhibited IFN induced by MAS but were effective for NDV- and PHA-
induced IFNs only at the higher concentrations.
The significance of these findings is that both lymphocyte proliferation and IFN induction
require the presence of HLA.DR antigens or HLA.DR-bearing cells. This may relate to other
work in the mouse system which suggests that an Ia antigen may be the receptor site for the
mitogen [3]. The mitogen system provides an excellent model to elucidate the nature ofthe con-
trol exercised by products of the HLA gene complex on lymphocyte functions.
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R.F. Ross, B.J. Zimmermann, T.F. Young. Veterinary Medical Research Institute,
Iowa State University, Ames, IO
Immunity to Mycoplasma hyopneumoniae disease has been demonstrated in convalescent
swine and in vaccinated swine challenged experimentally with the organism. However, pro-
tection against experimental challenge induced by vaccination has been only partial and, in
field outbreaks, has been negligible. In view of these inadequacies, we attempted to determine
some of the characteristics of protective activity of M. hyopneumoniae.
M. hyopneumoniae strains J and 11 were grown in Friis medium and harvested by centrifu-
gation after two to three days' incubation, color changing units (ccu) were determined, and the
cells were stored at -70°C. Thawed cells, extract, or other preparations were diluted to the ap-
propriate ccu and 0.15 percent formalin was added. Heat treatment, when used, consisted of
80°C for 60 minutes. Freeze-thaw-saline extracts were prepared from strain J as described for
M. pneumoniae by Chandler and Barile [19801. Six- to ten-week-old Yorkshire, Hampshire, or
cross-bred swine were obtained from SPF herds. Vaccines were given intramuscularly in two
doses 14 days apart, and challenge, consisting of lung homogenate containing M. hyopneu-
moniae strain 11, was administered endotracheally two to three weeks later. Protection was
assessed at necropsy 28 to 45 days after challenge by macroscopic evaluation of pigs' lungs.
Results obtained in one trial indicated that vaccine containing 109 ccu was comparable to
that obtained with 1010 or 1011 ccu/ml. The heat stability of protective activity in whole cells
and the immunogenicity of supernate from cultures are given in Table 1. The effect of a freeze-
thaw-saline extraction on protective activity is given in Table 2.
TABLE 1
Protective Activity of Whole Cells and Supernate from M. hyopneumoniae
Vaccinea
Nonvaccinated Saline Wash
Heated Culture of Cells
Trial Nonchallenged Challenged Whole Cell Whole Cell Supernate 10 x conc
2 Ob 4.26 X 3.57 1.03 + 1.82 1.21 + 1.36 N.D. N.D.
3 0 6.17 + 3.24 2.50 + 2.53 8.52 A 4.59 N.D. N.D.
4 0.01 + 0.03 9.15 t 14.10 0.38 + 0.48 1.65 A 1.88 N.D. N.D.
5 0 12.04 + 6.48 0.13 + 0.16 N.D. 0.22 0.26 0.20 + 0.23
aEach group consisted of four pigs.
bExpressed as percentage lung pneumonic.
TABLE 2
Protective Activity of Freeze-Thaw-Saline Extract of M. hyopneumoniae
Vaccine Groupsa
Heated
Nonvaccinated Freeze- Freeze-
Thaw Thaw
Trial Nonchallenged Challenged Whole Cell Extract Extract
1 0.61 + 0.98b 5.00 + 3.29 2.45 + 4.84 13.48 + 4.64 N.D.
2 0 4.26 + 3.57 1.03 + 1.82 1.44 + 2.19 9.09 A 0.95
3 0 6.17 + 3.24 2.50 + 2.53 10.63 + 7.69 11.45 + 8.93
4 0.01 0.03 9.15 + 14.10 0.38 + 0.48 3.10 + 2.00 9.70 + 11.46
aEach group consisted of four pigs.
bExpressed as percentage of lung pneumonic.
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tective without concentration (109 ccu). Protective activity was at least partially resistant to
80°C for 60 minutes. The occurrence ofprotective activity in cells and in supernate ofcells sug-
gested that it may occur both as cell-bound and as a soluble form. Failure of freeze-thaw-saline
extract to protect suggests that protective activity in M. hyopneumoniaediffers in nature from
that obtained from M. pneumoniae by Chandler and Barile [1980]. Finally, freeze-thaw-saline
extract appeared actually to enhance lesion development.
Effect of Aerosol Vaccination in Turkeys Against Airsacculitis Caused by Myco-
plasmagallisepticum. M. Matsumoto. School of Veterinary Medicine, Oregon State
University, Corvallis, OR; and K. Kume. Kitasato Institute, Tokyo, Japan
The protective quality of inactivated whole M. gallisepticum (MG) cells was evaluated in
turkeys against contact challenge exposure by the live organism. The organism was grown in
broth medium, inactivated with thimerosal, and concentrated tenfold. In the first trial, twenty
22-week-old turkeys were confined in a 135 sq. ft. room into which 500 ml of the vaccine was
aerosolized with acompressed air nebulizer (10-30ttm particles). Ten days later the vaccination
was repeated. Thirty unvaccinated turkeys were added to the vaccinated group 14 days after
the second vaccination: five of them received the live culture of MG via infraorbital sinus
route, and five received it in thoracic air sacs. They were kept in contact for 28 days, and all the
birds were euthanatized. At necropsy gross lesions were graded, and swab samples were taken
for MG isolations. Approximately 50 percent of the birds showed airsacculitis. There were no
significant differences between the vaccinated and control groups in lesion scores and MG
isolation patterns. The vaccination failed to induce any antibody response in serum. Antibody
titers from serum samples taken at necropsy did not significantly differ between groups.
The trial was repeated with five-week-old poults in a similar manner except that the vaccina-
tion was repeated three times with 250 ml amounts. As in the first trial, significant protection
was not observed.
In the third trial, eight-week-old turkeys were exposed three times to a total of 750 ml of the
antigen in an aerosol form at ten-day intervals. An ultrasonic nebulizer was used to produce
particles less than 10 Jm in diameter. No significant protection was observed in gross lesion
scores or in MG isolation results. The results indicated that inactivated whole cell vaccinegiven
in an aerosol form is not effective in preventing respiratory MG infection in turkeys.
I. Experimental Immunization Against Swine Mycoplasmal Pneumonia with Living
Vaccine by Nasal Route. Ho Cheng-Lee, Chu Jing-Hua, Jing Hong-Xiao, et al. In-
stitute of Animal Husbandry and Veterinary Medicine, Kiangsu Academy ofAgri-
cultural Sciences, Nanking, The People's Republic of China
A low virulent culture of the strain No. 3-9Mycoplasmasuipneumoniae was used as vaccine
to immunize pigs against mycoplasmal pneumonia by instillation of 2 ml for each animal
through the nostrils. In four assays, 44 pigs of native breed er-hua-lian (moderate drawn face)
were immunized and examined by breast X-ray every week after inoculation. Eight of them
showed no visible shadows of lesions in the lungs; 33 pigs showed quite limited shadows that
disappeared one to six weeks later, and the remaining three pigs did not recover by the time of
challenge. Two to three months after inoculation, they were challenged by nasal instillation
with a suspension of homogenized lungs having typical lesions. They were also examined by
X-ray. Among the group, 27 pigs solidly resisted; 15 pigs reacted mildly and the shadows in
their lungs disappeared one to six weeks later; the remaining two pigs did not recover at the
same time. Three of 18 pigs of native breed er-hua-lian used as controls for challenges died
within five weeks after inoculation; two of them showed shadows in their lungs but recovered
six weeks later, and another 13 pigs expressed shadows in lungs that did not recover after five
to seven weeks.
In another two assays, 10 hybrids of landrace- x-er-hua-lian were immunized in the same
way. For two months thereafter, all of them were negative by X-ray examinations. On chal-
lenge, eight of them possessed solid immunities and the other two only showed minor shadows
that disappeared two to three weeks later. Five ofthe same kind ofhybrids were challenged as
controls. All showed shadows of lung lesions. Three of them recovered seven weeks later and
two of them did not.
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Cytopathic Effect of Whole Cells and Purified Membranes of Mycoplasma hyo-
pneumoniae. Steven J. Geary, Edward M. Walczak. Schering Animal Health,
Omaha, NE
Mycoplasma hyopneumoniae is the etiological agent of enzootic pneumonia of pigs (EPP).
Naturally occurring EPP is widespread and is disseminated via airborne droplets. This is a
chronic disease affecting pigs ofall ages. The morbidity is high but the mortality is low in most
cases. The animals continue to eat well but there is a reduction in the weight gain/feed ratio
which results in an estimated annual loss of 180 million dollars in the United States alone.
One of the obstacles in studying this disease is the lack of a suitable lab animal or an in vitro
model. Work by previous researchers has shown that M. hyopneumoniae is cytopathogenic for
porcine tracheal ring and lung extract organ cultures. This study was designed to test the cyto-
pathic nature of M. hyopneumoniae and purified membranes on lung fibroblast cultures.
Marked cytopathic effect (CPE) was produced in both porcine lung fibroblasts and MRC-5
human lung fibroblasts with doses of 7.5 x 106 and 1.5 x 10' colony-forming units per
milliliter, respectively. The monolayers developed patches of detached or lysed cells within 48
hours post-infection. Mycoplasma hyopneumoniae membranes were prepared by lysis by 20
cycles of freeze-thaw followed by centrifugation at 4,000 g for five minutes at 4°C. The super-
natant was centrifuged at 41,000 g for 45 minutes at 4°C and the membranes washed three
times before final resuspension in TEAN (Tris, EDTA, Azide, Sodium chloride) buffer. At a
protein concentration of 2,g/ml, membranes were capable of inducing CPE in MRC-5 fibro-
blasts within 24 hours. This indicates that the CPE is not caused by depletion of nutrients or
the build-up of metabolic end products by viableM. hyopneumoniae. The cytopathic factor in
the membranes appears to be a protein. It is heat-labile (boiling for 15 minutes) and is de-
stroyed by pronase (I mg pronase/l mg membrane). It also appears to be antigenic, since rab-
bit anti-M. hyopneumoniae serum is capable of neutralizing its activity.
Whether or not this cytopathic factor is directly involved in the pathogenicity in the natural
disease remains to be determined. However, the use ofthis tissue culture assay may prove to be
useful in determining the virulence factor(s) in M. hyopneumoniae.
Attachment of Mycoplasmas on Mouse Synovial Cells Cultured in Vitro. Minako
Araake, M. Yayoshi, M. Yoshioka. Tokyo Women's MedicalCollege, Tokyo, Japan
Monolayer cell cultures were prepared from the synovial membranes of strain ddY mice on
glass coverslips immersed in the L-15 medium supplemented with 20 percent fetal calf serum.
Cultured cells were then inoculated with mycoplasmas, incubated, and observed by the indirect
fluorescent antibody technique and by transmission as well as scanning electron microscopies.
Mycoplasma pulmonis strains m53 and JB organisms attached to the surface of mouse
synovial cells, while M. arthritidis PG6, M. neurolyticum type A, and M. hominis organisms
were not found on the cultured cells by the indirect immunofluorescence tests.
Under thescanning electron microscope, m53 organisms attached and aggregated on the sur-
faces, especially at the edges, of cultured cells. These aggregates appeared to represent the
microcolonies. There were at least two types of probable mycoplasmas: a larger size particle
with round profile possessing dimple, and a smaller size particle with round profile without
dimple. The dimple could be produced artificially by a high osmolarity during the fixing pro-
cedure of cultured cells.
The transmission electron microscopy illustrated the m53 organisms in contact with synovial
cell membranes directly or by their specific terminal protuberance being electron-dense. The
terminal structure we observed in the m53 organisms seems to be much shorter than those seen
in M. pneumoniae or M. gallisepticum organisms. Some of mycoplasmas were located within
the cytoplasm of cultured synovial cells. Single or a few organisms were contained in a mem-
brane-limited vacuole, and mycoplasmal unit membrane directly contacted the vacuolar mem-
brane.
In this study, M. pulmonis strains, which are arthritogenic to mice, exclusively adhered to
the mouse synovial cells cultured in vitro, suggesting this attaching property might be an essen-
tial factor of thearthritogenicity ofthis mycoplasma species in mice. This observation employ-
921 POSTER SESSIONSPOSTER SESSIONS
ing the mouse synovial cell cultures was distinct from our previous findings, in which even
mycoplasma species not of mouse origin, e.g., M. gallisepticum, showed the cilia-stopping ef-
fects in the mouse tracheal organ cultures.
Pathogenicity of Mycoplasma hyorhinis. Marylene Kobisch. Ministere de l'Agri-
culture, Direction de laQualite, Services Veterinaires Station de Pathologie Porcine,
Ploufragan, France
Mycoplasma hyorhinis is a common contaminant of pigs' respiratory tracts [1,2] but there
are different opinions as to the role of this organism in swine diseases [3,4,5] because Myco-
plasma hyorhinis strains may differ in virulence [6,7]. The main objectives ofthis report are to
compare the pathogenicity of five Mycoplasma hyorhinis strains and to evaluate possible elec-
trophoretic differences among the strains.
Material and Methods: Five field strains of Mycoplasma hyorhinis from pigs (lungs and
joints), identified by growth inhibition and immunofluorescence tests were examined. 25
gnotobiotic, two-week-old piglets from Large White sows, were intranasally and intra-
tracheally inoculated and were autopsied from three to 14 weeks post-infection. There was a
control group of five piglets. Clinical signs were recorded; macroscopic and microscopic
changes in the organs were examined. Antibodies were detected in sera by means of indirect
hemagglutination.
The composition of the intrinsic membrane proteins [8] of the five strains were determined
by sodium dodecyl sulphate polyacrylamide gel electrophoresis (analysis in pore gradient: T =
5 - 30 percent and C = 3.5 percent [9].
Results: Clinical signs ofdisease appeared one week post-infection (high temperatures,joints
swelling and lameness, growth delay) in the groups of animals inoculated with strains 1, 2, 4,
and 5. In these four groups, Mycoplasma hyorhinis caused polyserositis and arthritis in the
most inoculated piglets. In the acute stage, affected pigs showed serofibrinous pericarditis,
pleuritis, and peritonitis. Synovial membranes were hypertrophied, synovial fluid was serosan-
guineous, and the fluid amount increased. Chronic stage of lesions consisted of organized
fibrous adhesions; articular erosion was observed. Neither pneumonic lesions nor rhinitis were
noted. Only one piglet infected with strain 3 developed pleural adhesions. Microscopic changes
were characterized by fibrinous inflammation of the serosal membrane and by mononuclear
cell infiltration. Mycoplasma hyorhinis could be isolated from nasal secretions, lungs, joints,
and lymph nodes and from pleural, peritoneal, and pericardial exudate. Bacteriological con-
trols were negative. Sera antibodies from infected pigs were detected six weeks post-infection.
Mycoplasma Bacterio-
Clinical Macroscopic Microscopic hyorhinis logical
Strains signs lesions lesions cultures controls
I + 4/5 4/5 5/5 -
2 + 5/5 5/5 5/5 -
3 - 1/5 0/5 4/5 -
4 + 4/5 4/5 5/5 -
5 + 5/5 5/5 5/5 -
Patterns obtained by SDS electrophoresis of intrinsic membrane proteins from the five
strains were similar: the same number of bands (44) and the same band distribution; only dif-
ferences in the size of the bands were observed in the case of strain 3.
Among the five strains, four were able to induce clinical signs and polyserositis. The viru-
lence of strain 3 seemed to be weaker; the membrane electrophorectic patterns of this strain
was not exactly the same as the others. It would be interesting to establish a correlation be-
tween pathogenicity of different strains and the electrophoretic patterns of their membrane
proteins. Such a correlation, if any, could be carried out by studying comparatively numerous
Mycoplasma hyorhinis strains.
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The Value ofMycoplasma bovis Antibody Detection in the Diagnosis of Mastitis in
a Herd with Enzootic Mastitis. M. Hajkova, K. Jurmanovai. Veterinary Research
Institute, Brno, Czechoslovakia; and H. Pfutzner. Research Institute of Bacterial
Infections, Jena-Zwatzen, German Democratic Republic
Antibodies against Mycoplasma bovis were followed with indirect hemagglutination (IHA)
test and enzyme-linked immunosorbent assay(ELISA) in the blood and milk sera of83 cows of
a herd with enzootic mastitis in the German Democratic Republic at monthly intervals during a
six-month period. The results of serological examination were divided into three groups
according to the health state of cows and cultural evidence ofM. bovis in the milk. Group A,
of 20 cows with clinical mastitis and M. bovis in the milk, showed 92 percent positive blood
sera and 39 percent positive milk sera, with the maximum IHA titers for blood and milk sera
being 1:16,384 and 1:8,192, respectively. Group B, of 35 clinically healthy cows with M. bovis
in the milk, had 72 percent positive blood sera and 16 percent positive milk sera, with the max-
imum IHA titers for blood and milk sera being 1:4,096 and 1:2,048, respectively. Group C, of
28 clinically healthy controls ofthe same herd without evidence ofM. bovis in the milk, had 63
percent positive blood sera and 8 percent positive milk sera, with the maximum IHA titers for
blood and milk sera being 1:256. All cows of the three groups had antibodies in the blood
serum, at least sporadically. Group A cows had all antibodies in the milk, at least occasionally.
In groups B and C the proportions of cows with invariably negative findings in the milk were
48 percent and 57 percent, respectively. Antibody levels in the blood sera generally exceeded by
several times those found in the corresponding milk sera. It is concluded that antibody detec-
tion in the blood serum using the two tests is of no value to the diagnosis of mastitis in a
mastitis-affected herd, whereas a repeated finding ofantibodies in the milk serum of clinically
healthy cows raises suspicion of latent infection. Comparable results were obtained with
ELISA conducted on a smaller number of samples and were presented in the poster.
Indirect Enzyme-Linked Immunosorbent Assay (ELISA) for Detection of Anti-
bodies to Mycoplasma gallisepticum. Herrad B. Ortmayer, T.B. Farver, W.T. Fer-
rier, R. Yamamoto. University of California, Davis, CA
As a result of an effective industry-based eradication and surveillance program, Myco-
plasma gallisepticum (MG) has been virtually eradicated from chicken and turkey breeding
stocks in the United States. A major factor contributing to this success has been the availability
of rapid, accurate, and inexpensive serologic tests, namely, the rapid plate agglutination and
the hemagglutination inhibition. Nevertheless, in recent years the need for tests ofeven greater
sensitivity and specificity has become evident. Cases have been encountered where the diag-
nosis of MG in chicken flocks has been delayed for several months due to atypical reaction pat-
terns of the standard tests.
Our studies with the ELISA test were initiated in the context ofthe problems associated with
the MG testing program. While stillexperimental, the results indicate that the ELISA may be a
useful supplemental test. We found that a satisfactory MG ELISA antigen could be prepared
by the procedure of Goel [J Bact 116:994, 1973] which essentially utilizes a carbonate buffer,
pH 10, to lyse the cells. An optimal concentration of antigen for adsorption to immulon
microplates (Dynatech) was determined by protein analysis and by titration (1-10 micro-
gram/ml) against dilutions of standard positive and negative sera. Test sera were used at a1:100 dilution to minimize background staining. The enzyme system consisted of horseradish
peroxidase conjugated rabbit anti-chicken IgG (H and L chains or Fc piece), and the substrate
consisted of hydrogen peroxide and 2,2'-azino-di (3 ethylbenzthiazoline-6-sulfonate). The con-
jugate was standardized by box titration against standard positive and negative sera. Tests were
read with a Titertek Multiskan (Flow Laboratories) or Dynatech reader, and interpreted quali-
tatively (P/N ratio). Preliminary studies indicate that further refinement in test procedures is
needed in order to quantitate the ELISA by correlating the OD of a single dilution of serum to
a standard regression curve. Further studies are also required to solve the problem of cross-
reactions with M. synoviae sera. Nevertheless, we are hopeful that the ELISA test may become
a useful supplemental test in cases where the standard tests give equivocal results.
Spectrophotometric Determination of Metabolic-Inhibiting (MI) Antibody Titer
Against Mycoplasma arthritidis. Leigh Rice Washburn. University of Utah College
of Medicine, Salt Lake City, UT
The MI antibody assay for the arginine-utilizing mycoplasmas, described by Purcell et al.
[Am J Epidemiol 84:51, 1966] is based on the ability of MI antibodies to inhibit a colorchange
in phenol red-containing medium inoculated with a predetermined number of mycoplasmas
after approximately 48 hours of incubation. In practice, it is difficult to distinguish by visual
examination among the various shades ofred occurring in adjacent microtiter wells, and in our
hands endpoint determination has been an imprecise and subjective process. It was therefore
decided to devise a method for determining endpoint spectrophotometrically by comparing the
absorbance at 560 nm of the contents of test vs. control wells. Most of the work described in
this presentation involved M. arthritidis, although preliminary experiments were carried out
with the glucose-fermenter Mycoplasmapulmonis, with the MI assay performed in this case as
described by Taylor-Robinson et al. [J Hyg 64:91, 1966].
For M. arthritidis, plates are read at 560 nm in a Titertek Multiskan plate reader (Flow
Laboratories) against a control consisting of mycoplasma broth medium (medium control)
after approximately 48 hours of incubation. In standardizing endpoint determination, the
following were noted: (1) The correlation between pH and absorbance at 560 nm is highly sig-
nificant, indicating that absorbance of mycoplasma medium at this wavelength is a valid
measure of metabolism in this system. (2) The relationship between time of incubation and
color change as measured by absorbance at 560 nm is linear over a period of at least four hours
after a color change begins (after approximately 48 hours of incubation). This holds true for
control wells containing only medium and mycoplasmas (mycoplasma controls) as well as for
wells containing dilutions of test serum, mycoplasmas, and medium, and the slope increases
with decreasing antibody concentration. (3) Serum titers can be calculated in a manner similar
to that used by Purcell et al. [1966]. Absorbances of the contents ofmycoplasma control wells
are averaged for each plate, and titers of test sera are considered as the highest dilutions show-
ing an absorbance < 50 percent of the control well average. (4) Although absorbances of the
contents of all wells except the medium controls increase with time, serum titers remain the
same or vary only one dilution over a period of at least four hours after the color change
begins. (5) This method of endpoint determination yields highly reproducible results within
and between individual assays. (6) This method can be readily adapted to the fermenting
mycoplasmas, in which case plates are blanked against the yellow-colored mycoplasma con-
trols, and theendpoint is considered as thehighest serum dilutionshowing an absorbance > 50
percent of the medium control.
In conclusion, use of spectrophotometric determination of endpoints has standardized and
simplified the MI assay for antibodies to the arginine-utilizing mycoplasma M. arthritidis and
the glucose fermenter M. pulmonis in our laboratories. At a wavelength of 560 nm, absor-
bances of the contents of test and control wells change linearly with time after a color change
begins, but not at the same rate. Use of the 50 percent endpoint permits consistent determina-
tion of titers at any time over at least a four-hour time period, although in practice, it is ad-
visable to take several readings during this time for maximum reliability. Finally, this method
yields results which are reproducible usually within one dilution when the same serum is
assayed on different occasions.
924 POSTER SESSIONSApplication of Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis as a
Diagnostic Tool for Identification of Porcine Mycoplasmas. P.P. Williams. Na-
tional Animal Disease Center, Agricultural Research Service, Science and Educa-
tion, U.S. Department of Agriculture, Ames, IO
Field and reference strains ofMycoplasma hyopneumoniae, M. hyorhinis, M. hyosynoviae,
and M. flocculare were analyzed by slab sodium dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis for detection of species-specific protein patterns. In staining for proteins, a
silver nitrate staining protocol was found to be faster and more sensitive, by about tenfold,
than the conventional Coomassie brilliant blue R250 staining procedure. Four distinct and re-
producible protein patterns, representative ofthe above four species, were identified. Common
protein bands were found among all strains analyzed. Variations in numbers of bands detected
per strain were dependent on the strain used, ageoftheculture, amount ofprotein in whole cell
lysates, and staining technique used. By use of a dansyl hydrazine staining technique, lysate
glycoproteins were fluorescent-labeled and visualized with a long-range ultraviolet source. A
glycoprotein (molecular weight, 64,000), identified by rabbit and goat anti-swine sera as a por-
cine serum medium component, was found in all strains analyzed. In addition, a glycoprotein
band (molecular weight, > 68,000) was detected in low and high passage strains of M.
hyopneumoniae and M. hyorhinis. Based on reproducibility of the method and resolution of
species-specific proteins, SDS-polyacrylamide gel electrophoresis was found to be a useful
alternative to serological procedures for identifying mycoplasmas pathogenic to pigs.
Comparison of Mycoplasma hyopneumoniae Strains by Serologic Methods. Lee-
Hwa Ro. Pig Research Institute, Taiwan, Miaoli, Taiwan; and Richard F. Ross,
Barbara J. Zimmermann. Veterinary Medical Research Institute, Iowa State Univer-
sity, Ames, 10
Six field strains of M. hyopneumoniae isolated from pneumonic lung of pigs and three
mycoplasma reference strains (strains 11 ofM. hyopneumoniae, J strain ofM. suipneumoniae,
and Ms 42 strain of M. flocculare) were compared by means of serologic methods. Using the
growth inhibition test, antigenic heterogeneity was observed among the strains ofM. hyopneu-
moniae, although they were related closely (Table 1). No cross-reactions were detected between
M. hyopneumoniae and M. flocculare with the growth inhibition test.
The metabolic inhibition test was more useful for comparison of intraspecies antigenic dif-
ference than thegrowth inhibition test, since antigenic diversity was clearly detected among M.
hyopneumoniae strains (Table 2). Slight cross-reactions were observed between M.
hyopneumoniae and M. flocculare. By two-dimensional immunoelectrophoresis, significant
TABLE 1
Sensitivity of Mycoplasma Strains to Rabbit
Antisera in the Growth Inhibition Test
Antiserum
Strain 11 1361 A 1375 C 1417 1419 1424 B 1472 C J Ms 42
M. hyopneumoniae 11 6.0a 6.5 5.0 5.5 4.5 4.5 5.5 5.5 0
M. hyopneumoniae 1361 A 5.0 9.0 5.5 5.5 5.0 6.0 6.5 6.5 0
M. hyopneumoniae 1375 C 7.0 8.5 8.5 7.5 6.0 6.0 6.0 7.0 0
M. hyopneumoniae 1417 6.5 8.5 7.0 9.0 6.0 6.5 6.0 7.0 0
M. hyopneumoniae 1419 6.0 8.5 6.0 7.5 6.5 6.5 5.5 6.5 0
M. hyopneumoniae 1424 B 5.0 8.5 6.0 5.5 4.0 7.0 4.5 5.0 0
M. hyopneumoniae 1472 C 7.0 9.0 7.5 7.5 6.0 7.5 9.0 7.0 0
M. suipneumoniae J 6.0 7.0 4.5 5.5 4.0 5.5 5.0 7.0 0
M. flocculare Ms 42 0 0 0 0 0 0 0 0 6.0
aAverage zone size (mm) calculated from 2 replicate tests.
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TABLE 3
Comparison of Mycoplasma Strains by Two-Dimensional Immunoelectrophoresis
Antiserum
Strain 11 1361 A 1375 C 1417 1419 1424 B 1472 C J Ms42
M. hyopneumoniae 11 16a 14 15 20 14 16 14 10 8
M. hyopneumoniae 1361 A 11 15 14 15 11 15 11 9 8
M. hyopneumoniae 1375 C 9 14 13 18 11 12 9 9 6
M. hyopneumoniae 1417 10 12 10 21 15 17 10 9 8
M. hyopneumoniae 1419 10 13 10 13 13 10 9 11 6
M. hyopneumoniae 1424 B 13 13 11 11 12 14 10 10 4
M. hyopneumoniae 1472 C 17 12 13 12 10 13 17 10 8
M. suipneumoniae J 8 8 8 12 12 11 8 11 6
M. flocculare Ms 42 4 6 4 5 4 6 6 3 14
927
aThe number represent the number of precipitin lines in two-dimensional immunoelectro-
pherograms.
antigenic differences were observed among M. hyopneumoniae strains, although some com-
mon components were detected in electropherograms (Table3). M.floccularepossessed an an-
tigenic relationship to M. hyopneumoniae as determined by two-dimensional immunoelectro-
phoresis. Evidence obtained in this study indicates strains ofmycoplasma tentatively identified
as M. hyopneumoniae were closely related; however, evidence was obtained also of minor
diversity in antigenic makeup among these strains.
Mycoplasmapulmonis Arthritis Induced by Intraperiarticular Tissue Inoculation in
Mice. Microbiological and Histopathological Features. Masako Kono, M. Yayoshi,
M. Araake, M. Wakai, H. Nakano, M. Yoshioka. Tokyo Women's Medical Col-
lege, Tokyo, Japan
Mycoplasmapulmonis strain m53 that had been ten times passed through kneejoints ofmice
was inoculated into six-week-old BALB/c male mice by one of the following routes: into peri-
articular (IA) tissues of the left foot (4.4 x 109 CFU), or ofbilateral foot and kneejoints (2.4
x 109 CFU per animal), or into the caudal vein (IV) (1.6 x 10' CFU). After inoculation, the
presence of swelling of both sides of the ankles, and metacarpo-phalangeal and metatarso-
phalangeal joints was scored macroscopically once a week. The scores of six joints in each
mouse in a group were summed, and divided by the number of mice in a group (mean cumula-
tive arthritis score: MCAS). At 2, 4, 6, 10, 15, 20, 30, and 40 weeks post-inoculation, three to
five mice of each group were sacrificed, and articular tissues resected were examined for
recovering mycoplasmas histopathologically and histoimmunologically. For histoimmunologi-
cal examinations, tissue sections were prepared in a cryostat and stained either by indirect
fluorescent antibody technique using anti-M. pulmonisantiserum and rhodamine-labeled anti-
rabbit immunoglobulin antiserum or by direct fluorescent technique using FITC-labeled anti-
rabbit anti-mouse IgG, IgM, IgA, or C3 antiserum.
MCAS was highest at week 2 post-inoculation and gradually but slowly declined. The swell-
ings were restricted to the inoculated sites in most animals but were also found in uninoculated
joints in some mice. Mycoplasmas were recovered fromjoints for the whole observation period
in approximately halfthe mice. Similarly, tiny fluorescent particles were seen by indirect stain-
ing using the M. pulmonis antiserum on synovial membranes or in periarticular tissues of IA
group mice. The organisms were never recovered from IV group mice. Histopathologically, in
IA group mice, acute inflammatory lesions in articular tissues were predominant for the whole
period, and, in a few cases, infiltration of lymphocytes and plasma cells was seen in synovial
tissues. Destruction of articular cartilage was also observed in some cases. In the affected le-
sions, distribution of IgG seemed to be diffuse and not strong, but was present to a greater ex-
tent than that of IgM, IgA, and C3.
In our experimental system, although arthritis and mycoplasmas in the affected sites still re-
mained in some ofthe mice at week 40, histological findings on the arthritic lesions showed thePOSTER SESSIONS
persistence of acute inflammation with or without a slight degree of infiltration of lymphocytes
and plasma cells. The facts indicate that the immunological responses, at least in lesions, would
be weak. This is supported by the observation that the retention of immunoglobulins and com-
plement in the sites was not heavy. However, diffuse distribution of IgG found in the inflam-
matory articular lesions suggests the probable participation of immune complexes in the pro-
cess of arthritis.
Natural Mycoplasma arthritidis Infection in Mice.
Maureen K. Davidson, J. Russell
Lindsey, Mary. Brown, Gail H. Cassell.
Birmingham Veterans Administration
Medical Center and University of Alabama in Birmingham, Birmingham, AL
Natural infections of Mycoplasma arthritidis (MA) have been reported in rats under a vari-
ety of conditions [Reviews: Lindsey et al: 1978; Cassell et al: 1979]. Mice have not been
reported to have the natural infection, but are frequently infected experimentally with MA as a
model of rheumatoid arthritis [Cole, Cassell: 1979; Cole, Ward: 1979].
While field testing an enzyme-linked immunosorbent assay (ELISA) for Mycoplasma pul-
monis (MP) [Cassell et al: 1981], we identified a hybrid production colony in which the B6C3F,
offspring had frequent ELISA positives, but were consistently negative by culture for MP.
Subsequently, 162 mice were shipped to us in germ-free cartons and either necropsied within 24
hours of receipt or placed in sterile Trexler-type plastic film isolators and maintained as germ-
free for two months before necropsy. To increase the probability of mycoplasma transmission
and isolation, mice within each isolator were daily placed in one cage and kept together for 30
minutes and then redistributed to cages within the isolator. In an effort to activate latent
mycoplasmal infections, approximately half of the mice in isolators were injected IP with
cyclophosphamide [Singer et al: 1972].
At necropsy, samples for bacterial and mycoplasmal culture from each mouse included a
conjunctival swab, nasal passage lavage, laryngotracheal lavage, and uterine lavage. Both
glucose and arginine containing mycoplasmal media were used [Cassell et al: 1982]. Bacterial
cultures were also done on liver and cecum. Tissue specimens from all major organs were pre-
histologic examination. Blood from each mouse was collected for murine virus
serologies (Microbiological Associates, Bethesda, MD) and mycoplasma ELISAs.
All mice were serologically negative for viruses in the test battery. No primary bacterial
pathogens were isolated. All tissues were processed by paraffin methods and stained with
hematoxylin and eosin. The corneas of approximately half of the mice were unilaterally or
bilaterally grey and opaque. However, no microscopic anatomical changes were observed in
corneas, conjunctivas, orbital glands, or internal eye structures. No other lesions were found
upon systematic examination of all major organs.
M. arthritidis was isolated from the conjunctiva, laryngotracheal lavage, nasal passages,
and/or uterus in 20 of 162 mice. In 14 of the mice, MA was recovered from all sites sampled,
whereas the remaining six mice had positive cultures from one or two sites. Many of the
cyclophosphamide-treated mice died of overwhelming bacterial sepsis before the scheduled
necropsies, but the recovery rate for MA was the same for surviving cyclophosphamide-treated
mice as for untreated mice housed in the same isolator.
The MP IgM ELISA was positive in 78 of 134 mice tested, as was the IgG ELISA in 91 of 142
mice. Selected sera from the mice were tested simultaneously in both the MP ELISA and in an
ELISA using MA antigen. These sera were positive in both the IgM and IgG classes in both
this and other colonies infected only with various non-pathogenic
bacteria (P. aeruginosa, K. pneumoniae, E. coli, enterobacter species, a hemolytic strepto-
cocci) were negative in the MP ELISA.
Serologic cross-reactions between MP and MA in the ELISA have been demonstrated ex-
perimentally [Horowitz, Cassell: 1978]. The present study shows that cross-reacting antibody is
also produced by naturally infected animals.
significance natural infection in mice is unknown.
Our findings underscore the
necessity of rigorously screening mouse stocks to avoid using mice with preexisting MA infec-
tion [Davidson et al: 1981; Lindsey et al: 1982; Thirkill, Gregerson: 1982]. Finally, MP and
considered whenever a colony is found to have animals positive by the
MP ELISA.
928An Experimental Study of the Pathogenic Role of Escherichia coli as a Complicat-
ing Agent Associated with Mycoplasma gallisepticum Infection in Young Chicks.
M. Murata, S. Kawaguchi, H. Matsuda, K. Mitani. Faculty of Applied Biological
Science, Hiroshima University, Fukuyama, Japan
Prior to the present experiments, the authors performed two experiments on the virulence of
M. gallisepticum (MG) [1] and ofE. coli [2] artificially infected in chicks. This time, an experi-
mental study was attempted to analyze the pathogenic role ofE. coliassociated with MG infec-
tion in young chicks. As in the above-mentioned experiments, this was done with the further
purpose of establishing an experimental system using chicks for fundamental experiments on
the efficacy in vivo of the antibacterial agents that control the avian mycoplasmosis com-
plicated with E. coli.
Seven experimental groups were designed, as groups of 20 chicks each, which included two
control groups- one with MG infection alone(group 2), and one non-infected group(group 1),
and five groups with mixed infection due to MG andE. coli. As the primary infection, the day-
old broiler male chicks were inoculated with viable cells of MG strain KP-13, 4.8 x 104
CFU/bird, into the right posterior thoracic air sac.
As the secondary infection, three days after the primary infection, the chicks (groups 3
through 7) were inoculated with viable cells ofE. coli strain TK18-A in serial bacterial counts
ranging from 4.0 x 100 to 104 CFU/bird into the left posterior thoracic air sac of each chick.
Observations were made on the clinical symptoms (Table 1), body weight gain, feed conver-
sion, gross lesion score (Table 2), recovery of MG and E. coli (Table 3), and MG serum ag-
glutinin titer (Table 4) of the chick groups during three weeks after the primary infection.
From the results of the present study, it was experimentally proved that E. coli affects the
body weight gain or growth and aggravates the symptoms and pathological conditions of the
TABLE 1
Progressive Observation on Death of Chicks
Group of Days After Inoculation with E. coli Total No. of
Chicksa 1 2 3 4 5 6 7 8 9 10 11-18 Dead Chicks
1 4b 2 1 1 1 1 1 11
2 1 3 1 5
3 1 1
4 1 l
5 2 2
6 0
7 0
a20 chicks/group
bNumber of dead chicks
TABLE 2
Gross Lesion Score of Chicks in Each Group Through Experimental Period
Group Number of Air Sac
of Chicks
Chicks Autopsied Trachea Lung Left Right Heart Liver Spleen
1 20 25a 40 95 75 30 30 15
2 20 35 20 95 85 30 30 25
3 20 35 5 90 75 0 0 5
4 20 15 10 70 85 15 5 25
5 20 20 0 85 90 10 5 0
6 20 30 0 55 65 0 0 10
7 20 0 0 10 10 0 0 0
aPositive number of chicks/number of chicks autopsied (%)
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TABLE 3
Recovery Ratio of E. coli from Chicks in Each Group Through
Experimental Period
Group Number of Air Sac Peri-
of Chicks cardial Heart
Chicks Autopsied Lung Left Right Fluid Blood Liver Spleen
1 20 70a 70 70 70 65 70 70
2 20 40 30 30 25 20 30 30
3 20 30 15 10 10 10 5 5
4 20 30 20 20 15 20 20 20
5 20 10 5 5 5 5 5 5
6 20 35 15 10 0 0 0 5
7 20 30 0 0 0 0 0 0
aNumber of chicks showed positive results/number of chicks autopsied (%)
TABLE 4
Periodical Observation of Geometric Mean of
Serum Agglutinin Titers Against M. gailisepticum
in Each Group of Chicks Through
Experimental Period
Age in Weeks of Chicks
Group of
Chicks 1 2 3
1 _ a - 435.5b
2 <10 226.3 298.6
3 <10 160.0 345.6
4 <10 113.1 343.0
5 <10 50.4 211.1
6 <10 242.5 130.0
7 <10 <10 <10
aNot examined, because all chicks died.
bGeometric mean of agglutinin titers against M.
gallisepticum
chicks. Furthermore, E. coli acts to sustain or accelerate MG infection or colonization mainly
in the trachea, and raises or sustains the MG serum agglutinin titer in the infected chicks.
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Detection of Carriers from Convalescent Swine Infected with Mycoplasmal Pneu-
monia. Jin Hong-Xiao, Chu Jin-Hua, Chang Da-Lung, et al. Institute of Animal
Husbandry and Veterinary Medicine, Kiangsu Academy of Agricultural Sciences,
Nanking, The People's Republic of China
Surveyed by means ofmicroagglutination tests, 32 (57.1 percent) of 56 breeding sows and all
(100 percent) of 22 experimentally infected pigs in a convalescent period for 21 months were
positives. The convalescence of the experimentally infected pigs was judged by X-ray breast
examinations. Thirty-one (57.4 percent) cultures were isolated from the lungs in necropsies of
54 pigs with positive reactions. Among these, 13 (59.1 percent) cultures were isolated from
lungs with or without the remains of lesions in necropsies of the previously mentioned 22 ex-POSTER SESSIONS
perimentally infected pigs which had been in convalescence for 21 months. Three out of four
cultures taken randomly from these 13 cultures proved to be pathogenic by nasal instillation in
normal pigs. All cultures were identified with J strain M. suipneumoniae antiserum.
Based upon these findings, the authors are convinced that carriers detected by microag-
glutination tests should be eliminated in order to get rid of mycoplasmal pneumonia and to
keep herds free of this disease. The microagglutination test might also be used as a diagnostic
method in quarantine.
Acknowledgement: Work was done under the supervision of Prof. Ho Cheng-Lee.
Mycoplasmas Other than M. mycoides Members Recently Documented in Nigeria.
D.S. Adegboye. Ahmadu Bello University, Zaria, Nigeria; and K. Mohan. University
of Nigeria, Nsukka, Nigeria
Contagious bovine pleuropneumonia and contagious caprine pleuropneumonia caused by
M. mycoides subsp. mycoides and M. mycoides subsp. capri, respectively, are the only myco-
TABLE 1
Species Other than M. mycoides Members That Have Been Documented in Nigeria
Host Isolates Specimen References
Man M. pneumoniae Throat swab Macfarlane, et al: Thorax 34(6):713-719,
1979
M. salivarium Throat swab Adegboye: Unpublished data
M. hominis and Vaginal swabs Adegboye et al: Nig Med J 9:675-678,
U. urealyticum 1979
U. urealyticum Semen Ladipo, Osoba: Afr J Med Sci 7:
187-190, 1978
Cattle M. bovis Pneumonic lung Karst, Onoviran: Br Vet J 127:ix-x, 1971
M. bovine Heart blood/ Mohan, et al: Trop Anim Hlth Prod 13:
serogroup 7 pericardial 194, 1981
exudate
M. bovigeni- Semen/preputial, Adegboye, et al: Bull Anim Hlth Prod Afr
talium and and vaginal swabs 30 (2):95-99, 1982
Ureaplasma sp.
Sheep M. ovipneumo- Pneumonic lung Mohan, Uzoukwu: Proceed 4th IOM
niae and Congress, 1982
M. arginini
Goat M. arginini Pneumonic lungs Ojo: Trop Anim Hlth Prod 8:137-146,
1976
M. bovis Pneumonic lungs Ojo, Ikede: Vet Microbiology 1:14-22,
1976
M. agalactiae Pneumonic lungs Mohan, Uzoukwu: Proceed 4th IOM
Congress, 1982
Vaginal swab Chima, et al: Nig Vet J 10(l):26-30,
1981
Dog M. canis Vaginal swab Adegboye, et al: Vet Rec 104:611-612,
1979
M. spumans and Vaginal swab
M. edwardii Adegboye: Unpublislhed data
Poultry M. meleagridis Air sac swab/ Mohan, et al: Nig Vet J 8(2):27-29, 1979
sinus exudate
M. ga/lisepti- Air sac swab/ Etukudo; M.Sc. Thesis, Ahinadu Bello
cum and M. trachea exudate Univ, Zaria, Nigeria, 1982
gallinarum
931plasma diseases which have received much attention in Africa. Lately, new hosts and sites are
being examined. This presentation is a compilation of these new studies from Nigeria. Refer-
ences on old relevant reports are also included.
Isolates were speciated by the growth inhibition and epiimmunofluorescent tests, and, in a
few cases, additionally by the growth precipitation test. Antisera to type strains were kindly
supplied, in almost all cases, by either the Mycoplasma Section, National Institutes of Health,
Bethesda, Maryland, or the FAO/WHO Mycoplasma Reference Center, University ofAarhus,
Denmark. Some isolates were actually confirmed at these institutes.
The studies are summarized in Table 1.
Horses, pigs, rodents, and plants have apparently not been examined for mycoplasmas and
related organisms. Several problems are associated with mycoplasma research in Nigeria. Most
pressing is the lack ofspecific pathogen-free animals to test the pathogenicity ofnew isolates. It
is particularly regrettable, too, that the role of M. pneumoniae in human disease is badly
neglected-there seems to be only one report to date. With continued support from well-
established laboratories all over the world, it is hoped that these difficulties will eventually be
overcome.
Mycoplasma Spp. and Pneumonia of Goats and Sheep in Eastern Nigeria.
K. Moham, M. Uzoukwu. University of Nigeria, Nsukka, Nigeria
Pneumonia among West African dwarf goats and sheep in eastern Nigeria was investigated
to ascertain the incidence of pathogenic bacteria with particular reference to Mycoplasma sp.
The concomitant lung lesions and the cellular changes manifested were also studied. Most of
the specimens were obtained at necropsy. Of the 73 goats and 28 sheep investigated, ten goats
and four sheep were found to be infected with Mycoplasma spp., either alone or in association
with Pasteurella multocida, Corynebacterium pyogens, hemolytic Streptococcus spp., or
Staphylococcus aureus. Isolations from goats included M. mycoides L.C. (Y.G.) type, M.
agalactiae, and three other strains which could not be typed serologically. M. arginini and M.
ovipneumoniae were the isolates from sheep. Isolation of M. ovipneumoniae appears to have
been documented for the first time in Nigeria.
The cellular changes in the lung infected with M. mycoides and M. arginini simulated
mycoplasmosis akin to CCPP, whereas interstitial pneumonia and emphysema were dis-
cernible in cases of M. ovipneumoniae infections.
Eradication of Mycoplasma meleagridis from Turkey Breeding Stock. R. Yama-
moto, H.B. Ortmayer, R.H. McCapes, T.E. Carpenter. University of California,
Davis, CA; G.Y. Ghazikhanian, W.M. Dungan. Nicholas Turkey Breeding Farms,
Sonoma, CA; and R.K. Edson. The Grange Co., Modesto, CA
Mycoplasma meleagridia (MM) is one of the three pathogenic mycoplasmas of domestic
poultry. Unlike M. gallisepticum and M. synoviae, which affect both chickens and turkeys,
MM is found only in turkeys. The agent was first described by Adler and co-workers in 1958 as
an egg-borne infection. Since then, various epidemiologic aspects ofthe agent and its economic
significance in turkeys have been studied, primarily in Experiment Stations in Minnesota,
Iowa, Ohio, and California. MM was shown to be transmitted venereally and the cause of or
associated with late incubation embryo mortality, leg abnormalities, poor growth performance
in juvenile turkeys, and condemnation at processing due to airsacculitis. Virtually all turkey
flocks examined were shown to be infected. In view of the potential economic significance of
MM and its worldwide distribution, an important mission of our group was to develop pro-
cedures to eradicate the agent from primary breeding stock. The basic principles and proce-
dures developed to produce MM-free stock included:
1. Reduce the infection level in breeding stock (both males and females) to minimal
levels by culture and serologic testing.
2. Treatment of eggs with antibiotic solutions (tylosin and/or gentamicin) by tempera-
ture or pressure differential methods, and by injection.
3. Hatching of eggs in MM-free hatchers and isolation rearing of poults.
932 POSTER SESSIONS4. Serologic and cultural monitoring of the treated flocks. Utilizing the above principles
and procedures, one of the largest turkey breeding establishments in the world has
eradicated MM from its primary breeding stock. More recently, another establish-
ment has been successful.
After a quarter century ofcooperative research, it is gratifying to see the current progress be-
ing made in eradicating MM from the turkey population.
On the Efficacy of Josamycin Medicated via Drinking Water Against Experimen-
tally Induced Mycoplasma gallisepticum Infection in Young Chicks. M. Murata,
S. Kawaguchi, M. Tamaru, H. Matsuda, K. Mitani. Faculty of Applied Biological
Science, Hiroshima University, Fukuyama, Japan
The authors have made serial observations in vitro and in vivo on the prevention and treat-
ment with antibiotics of avian mycoplasmosis due to M. gallisepticum (MG) and M. synoviae
[1,2]. In the present experiments, the efficacy of josamycin (JM) against experimentally in-
duced MG infection in young chicks was examined.
Day-old broiler male chicks were medicated with JM dissolved in drinking water, under a
TABLE I
Experimental Groups and Experimental Conditions
Inoculation
Group of of Drug Concentration Medication
Chicksa Mycoplasma Drug in Drinking Waterb Periodc
I Non-treated control
2 T Infected, non-medicated control
3 MG KP-13 T 0.3
4 1 x 10M ccu/bird JM 0.2 4 hours/day
6 0.4 ml, IAS 0.1 5 days
7 1 TS 0.2
a20 chicks/group
b070 activity
cStarted at 24 hours before inoculation
TABLE 2
Mean Water and Drug Intake of Chicks in Each Group
During Medication Period
(per bird)
Mean Mean
Group of Water Intake Drug Intake
Chicks (ml) (mg act.)
1 Non-treated 4909
control
Infected,
2 non-medicated 47.73
control
3 T 0.3a 46.30 138.90
4 M im 0.2 47.59 95.18
5 0.2 47.73 95.46
6 1 0.1 46.85 46.85
7 TS 0.2 46.82 93.64
a 7o activity
933 POSTER SESSIONSprogram of medication for four hours per day, for five days. Twenty-four hours after starting
the medication, an inoculum of 1 x 108 CCU/bird ofMG strain KP-13 was artificially induced
into the right posterior thoracic air sac of the chicks (Table 1). The chicks were observed for
two weeks post-infection. Seven experimental groups, untreated and infected without medica-
tion, and five medicated groups: JM, 0.3 percent in the drinking water, equivalent to0.075 per-
cent in a day-long (16-hour) medication program; JM, 0.2 percent (two groups); JM, 0.1 per-
cent, and tylosin (TS), 0.2 percent, as a control drug (Table 2). The following results were
obtained.
From the results of the clinical symptoms, body weight gain, mortality, gross lesion score,
and MG serum agglutinin titer of the chicks (Table 4), the inhibitory effect of JM was as high
as that of TS against MG infection. In comparison with the results obtained in the TS-medi-
TABLE 3
Recovery of M. gallisepticum from Chicks in Each Group
Through Experimental Period
Air Sac
Group of
Chicksa Trachea Left Right
1 Non-treated Ob 0 0
control
Infected,
2 non-medicated 100 100 100
control
3 T 0.3' 65 25 20
4 iM 0.2 85 30 25
5 J 0.2 80 20 20
6 1 0.1 90 35 30
7 TS 0.2 0 0 0
20 chicks/group
bPositive ratio in the recovery: Number of chicks showed positive
results/number of chicks autopsied (%)
c% activity
TABLE 4
Distribution of Serum Agglutinin Titers Against M. gallisepticum
of Chicks in Each Group Through Experimental Period
Number of Agglutinin Titer Geometric Mean
Group of Chicks of
Chicks Examined 1: < 10 10 20 40 80 160 Agglutinin Titera
I Non-treated 20 20b <10
control
Infected,
2 non-medicated 18 1 6 9 2 63.5
control
3 T 0.3' 20 19 1 2.8
4 JM 0.2 20 19 1 2.9
5 0.2 20 20 2.5
6 1 0.1 20 16 2 1 1 4.2
7 TS 0.2 20 19 1 2.8
aSerum agglutinin titer "< 1:10" against M. gallisepticum of chicks in the groups other than
group 1, was calculated as the titer 1:2.5
bNumber of cases
c% activity
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cated group of chicks, on the other hand, the recovery ratio of MG in the chick groups medi-
cated with JM was as high as that in the control group of chicks infected and non-medicated,
especially in the recovery ratio of MG from the trachea (Table 3).
REFERENCES
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2. Murata M, et al: J Fac Appl Biol Sci Hiroshima Univ 19:55-68, 1980
The Effect of Antibiotics Against Bovine Mycoplasmas and Ureaplasmas. R.B.
Truscott. Agriculture Canada, Animal Pathology Laboratory, Sackville, New
Brunswick, Canada; and H.L. Ruhnke. Veterinary Services Branch Laboratory,
Ontario Ministry of Agriculture and Food, Guelph, Ontario, Canada
Abstract: A combination of lincomycin-spectinomycin-tylosin was tested against several
strains of mycoplasmas and acholeplasmas as might be encountered in bovine semen and
shown to be effective against them. This combination as well as minocin, rosaramicin, ro-
soxacin, tiamulin, gentamicin, and declomycin was tested in vitro against 60 isolates of urea-
plasma from the bovine urogenital tract. The lincomycin-spectinomycin-tylosin combination,
minocin, rosaramicin, tiamulin, and declomycin were quite active, while rosoxacin and gen-
tamicin were much less active against the test strains.
Summary: (1) Mycoplasmas and acholeplasmas as might be found in semen are inhibited by
the lincomycin-spectinomycin-tylosin combination generally at the lowest level tested, 1.2-1.5
mcg/mL. (2) Ureaplasmas are inhibited by less than I mcg/mL of the lincomycin-
spectinomycin-tylosin combination and in many cases killed by two to four times the inhibitory
concentration, one strain only requiring 6.25 mcg/mL. (3) Rosaramicin and minocin are ef-
fective against bovine ureaplasmas. Rosaramicin very adversely affects spermatozoa viability
and thus conception rates; minocin must be used in a milk-based extender. (4) Gentamicin
and rosoxacin are not effective against bovine ureaplasmas. (5) Tiamulin is toxic for bovine
spermatozoa while the effect of declomycin in this regard is not known. (6) The type of ex-
tender used will affect the viability ofspermatozoa with lincomycin-spectinomycin-tylosin, and
a milk-based extender is recommended.
The Possibility of Controlling Mycoplasma Infection in Processed Bovine Semen by
Antibiotics. K. Jurmanova, J. iterna. Veterinary Research Institute, Brno, Czecho-
slovakia; and J. Mazurova. State Veterinary Institute, Pardubice, Czechoslovakia
Mycoplasmological examination of pellets from 461 bulls of ten artificial insemination
centers (AIC) in Czechoslovakia by a standard procedure [Jurmanova, Mazurova: 1978]
showed that 60 percent ofthe pellets were contaminated with mycoplasmas and 85 percent with
ureaplasmas. In an attempt to decontaminate bovine pellets of this infection by antibiotics as
suggested by Hamdy [1972], Truscott and Abreo [1977], and Truscott [1981], we tested various
antibiotics for their efficiency against mycoplasmas and ureaplasmas isolated from cattle in
Czechoslovakia, using several screening tests including our modification of the growth inhibi-
tion test in test tubes containing 0.3 percent agar medium [Jurmanova, et al: 1975]. The last-
mentioned test is convenient in terms of cost and easy to perform; the inhibition by antibiotics
is determined according to the number of tuft-like colonies grown in a column of semi-solid
medium.
On the basis of our tests, using naturally infected spermatozoa in antibiotic-containing egg
yolk semen extender, we suggested Linco-Spectin (LS) (Upjohn) for decontamination from
mycoplasmas and Tylosin Tartrate (TT) (Elanco) for decontamination from ureaplasmas, in
agreement with the above-mentioned writers.
The conditions for antibiotic action in the tests were similar to those used in the preparation
of pellets in AIC. Antibiotic added to the semen extender was active for 15 minutes at 35°C
and for three hours at +4°C. The efficiency of antibiotics was evaluated by culture after the
test sample was thawed and washed twice by centrifuging, as suggested by Truscott [1981]. In
Czechoslovakia, the addition of LS to semen extender at 1,000 JAg/ml was introduced in all
AIC. As a result, the proportion ofmycoplasma-infected pellets from 449 bulls of twelve AIC
examined up to now declined from 60 percent to 6 percent, but the incidence of ureaplasmaswas unaffected. In pellets from 117 bulls of four AIC, TT was added experimentally, in addi-
tion to LS, at 500 tg/ml semen extender, with negative results. The sperm motility was not im-
paired by the addition of LS but was markedly reduced by TT. Further experiments are in
progress to test various types of tylosine for efficiency against ureaplasmas, using naturally in-
fected spermatozoa in egg yolk semen extender.
A New Disease of Onion Caused by Mycoplasma-Like Organism in Japan. K.
Miyahara, M. Matsuzaki, H. Wakibe. Saga Agricultural Experiment Station,
Japan; and K. Tanaka, N. Sako. Faculty of Agriculture, Saga University, Japan
A new disease of onion (Allium cepa) associated with mycoplasma-like organisms (MLO)
was found in Saga Prefecture. During 1979 through 1982, the severe outbreaks of the disease
have resulted in significant yield losses. The typical symptoms of diseased onion leaves are
yellowing and stunting with some fasciculation. Around the end of October, the first visible
symptoms are observed on seedlings in the seedbed located in the vicinity of paddy fields.
Growth of the diseased onion bulbs was decreased while flower clusters of the bulbs were
teratoid. The diseased onion bulbs sprouted earlier than healthy ones during summer storage.
MLO was observed in sieve tubes of the diseased onion leaves in ultra-thin sections. In
transmission tests with four kinds of wild planthoppers (Mactosteles orientalis, Chlorita
flavescens, Nephotettix cincticeps, and Recilia tobai) and the leafhopper Sogatellafurcifera,
only M. orientalis transmitted MLO to onion seedlings. The onion seedlings developed the
characteristic symptoms 20-28 days after feeding innoculation and MLO was detected in sieve
tubes ofthe leaves. The transmission rates ofMLO to onion by naturally infested M. orientalis
ranged from 3.3 percent to 33 percent. The instars rarely transmitted MLO from diseased
onion to healthy onion. However, using MLO in lettuce source plants transmitted from dis-
eased onion, the instars acquired MLO and transmitted it to onion, and to the following
plants: welsh onion, garland chrysanthemum, carrot, celery, spinach, Japanese hornwort,
aster, parsley, forget-me-not, madagascar periwinkle, and others. The incubation period of
MLO in M. orientalis ranged from 12 to 23 days at 25°C after acquisition feeding. Periodical
sweep-net samplings of insect vector in the sites of balk and footpath or fields showed that
there were two periods of high insect population densities in the Saga area, the first in August
to October and the second in April. The former period matched the times of sowing and seed-
ling stages. Visual assessments and ultrathin sectionings of the samples indicated that this
disease was widespread in the major onion-producing areas in Nagasaki, Fukuoka,
Yamaguchi, and Saitama Prefectures, though the incidence of the disease in these areas was at
a low level. Of many control strategies examined in preliminary tests, the spread could best be
minimized by covering the seedling bed with polyethylene lawn during the seedling stage. The
application ofinsecticides alone to control the insect vector was not economically feasible. The
reservoir or infection source hosts were not yet clear.
Serological Purification and Visualization in the Electron Microscope of the Grape-
vine Flavescence Doree (FD) Pathogen (MLO) in Diseased Plants and Infectious
Vectors Extracts. A. Caudwell, Raymonde Meignoz, Catherine Kuszala, C. Schneider,
J. Larrue, A. Fleury, Elisabeth Boudon. Institut National de la Recherche Agrono-
mique-Station de Physiopathologie Vegetale, Dijon, France
We routinely obtain infectious Euscelidius variegatus extracts wllich containi about 106
IU/ml and diseased Vicia faba extracts containing 101 IU/ml. Such extracts were used for
ISEM visualization.
Methods:
1. Preparation of"FD Plants" Antisera. 20 g ofdiseased stem apex of Viciafaba are cut into
fine pieces in 80 ml medium, and then passed through a 100 1 mesh cloth. After clarification,
the extract is centrifuged (31,000 g x 35 minutes). The pellet is injected into rabbits threetimes
IV and once IM with adjuvant.
2. Preparation of "FD Leafhoppers" Antisera. 300 infectious leafhoppers are ground in a
potter with 50 ml medium. After clarification, the extract is filtered througlh glass fiber filters
and centrifuged (31,000 g x 35 minutes). The pellet is injected into rabbits in the same way.
3. Preparation of "FD Plants" Antigens. Four g of diseased stem apex of Viciafaba are cut
936 POSTER SESSIONSinto fine pieces in 16 ml medium, and passed through a 100 i mesh cloth. After clarification,
the extract is centrifuged(13,000 g x 30 minutes). The pellet is suspended in0.1 ml medium
containing 0.05 percent Tween 20. The Tween prevents the coating of the non-specific antigens
(antiplant) to the grid (after a technique of the ELISA method).
4. Preparation of "FD Leafhoppers" Antigens. 36 infectious leafhoppers are ground in a
potter with 6 ml medium. After clarification, the extract is filtered through glass fiber filters
and centrifuged(13,000 g x 30 minutes). The pellet is suspended in0.1 ml medium containing
0.05 percent Tween 20.
5. Adjustments to the ISEM Method. Good results were obtained when the antigens were
serologically purified by trapping "FD leafhoppers" antigens by anti "FD plants" sera or, vice
versa, by trapping "FD plants" antigens by anti "FD leafhoppers" sera, and with the following
adjustments to the ISEM methods: (1) previous coating of the microscope grids with S. aureus
protein A; (2) addition of Tween 20 to the extracts and to the washing buffer; (3)
glutaraldehyde fixation on the grid before negative staining.
Thegrid(freshlycarbon-coated) is incubated on a solution ofStaphylococcus aureus protein
A(10 ltg/ml phosphate buffer 0.1 M, pH 7). The protein A allows use of an undiluted anti-
serum. Thegrid is then coated with the antiserum and washed in the buffer. We put on the grid
a drop of the concentrated antigen solution, containing Tween, and we wash in buffer con-
taining Tween. After glutaraldehyde fixation, the preparation is washed in water and nega-
tively stained with ammonium molybdate solution for electron microscopic examination.
Results: In a previous publication (PAV 24:835-838, 1981), "FD leafhoppers" antigens were
trapped by rabbit anti "FD plants" serum. We could show numerous vesicles, 300 nm average
diameter, 20 per field (40 100 mm) at the x 10,000 magnification. Such vesicles could not be
seen in controls with normal rabbit serum or with "healthy leafhoppers" antigens. Koch's
postulates have thus been fulfilled for FD on V. faba.
In the present paper, we demonstrate the presence of the same vesicles in reciprocal assays,
where the source of antigens was "FD V. faba" and antibodies were rabbit anti "FD leaf-
hoppers" sera. The vesicles were more numerous on a cleaner background.
Such reciprocal assays, using anti "FD leafhoppers" sera, are used for testing the serological
relationships with plant extracts of other yellows diseases, whose vectors are still unknown.
It seems to be the first record of the visualization of a plant yellows disease infectious agent
(MLO) in liquid medium, outside of the cells. It shows that the purification of suchorganisms
can be achieved by combining physical and serological methods.
Recovery of Taiwan Paulownia from Witches' Broom Disease. Sze-Ling Ying.
Taiwan Forestry Bureau, Department ofAgriculture and Forestry, Taipei, Taiwan,
Republic of China
In 1978,I reported extensive damage of Paulownia taiwaniana in Taiwan by witches' broom
disease which has become a limiting factor in tree plantation. The disease infects trees of all
ages and under natural conditions 90percent of the trees in a stand might be afflicted. Mcbeath
[1975] and Su [1978] and Chen [1978] discovered mycoplasma-like organisms in the phloem of
diseased trees. The disease is graft-transmissible. The identity of specific vectors responsible
for transmitting the disease agents under natural conditions is unknown. Symptoms include
formation of multiple axillary buds, large numbers of small shoots with abnormally small,
thin, yellowish-green foliage, and frequent premature defoliation. The newly formed sprouts
have an upright bunchygrowth or witches' broom and usually the lateral and terminal ones die
back, stunting growth of the tree and reducing vigor. Symptoms first appear on one or more
branches and then spread throughout the crown.
Epidemiological studies conducted since 1972 indicate a strong correlation between
paulownia witches' broom disease and frequency and intensity of typhoons. Witches' broom is
very prevalent on branches broken when typhoon winds are strong. No typhoons occurred in
Taiwan during 1978-81, thus trees were spared storm damage. Moreover, time appears to
allow damaged trees to heal. When diseased trees had produced normal-appearing foliage and
a healthy type of growth over a period of a year or more, they were considered to have been
cured. For example, inspection in 1979 of 100 hectares of four- to five-year-old Taiwan
paulownia trees at Lin-Tien-Shan working circle 114 were found to be fully healed and pro-
duced healthy-appearing new foliage. By random selection we observed (on December 11,
1981) 80eight-year-oldpaulownia trees with a mean DBH of26.8 cm and mean height of 13.7
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FIG. 1. The recovery condition of seven-year-
)- <.Lold Taiwan paulownia from witches' broom
disease at Fong-Lin-Shan. The lower portion of
the tree was produced before and the upper por-
tion after the tree was cured. The lower branches
die back, typical ofwitches' broom disease, while
the top bears large, deep green leaves and grows
out in the spreading manner characteristic of
healthy trees.
m. The stem volume was 139.5 m3/ha which reflects the good growing site. That of an eight-
year-old paulownia plantation without the disease was 123.2 m3/ha on another site (on June
14, 1977) [Rin: 1979].
On agood site in the absence oftyphoons for aprolonged period, older trees that are slightly
or moderately affected by witches' broom frequently recover and eventually become mature.
However, one- or two-year-old trees which are severely infected usually die within two years.
In 1941, Kunkel showed that aster plants having yellow virus disease were cured by treatments
in a hot room at 380 to 42°C for two weeks and cured plants were virus-free [Kunkel: 1941; Le
Leeuw: 1977]. Kunkel also showed that yellows can be cured by a temperature below 34.5°C,
and it would be interesting to know the minimum inactivation temperature. However, as
temperature is lowered, the exposure period necessary for cure is greatly lengthened [Kunkel:
1936]. A temperature at 35°C usually prevails over long periods of time in Taiwan during the
summer months. This leads to the conclusion that Taiwan paulownia recovers from witches'
broom through high summer temperatures in the environment.
Fluorescence Microscopy in Diagnosis of Mycoplasma Infections in Jujube, Mul-
berry, and Periwinkle Plants. Won-Chull Bak, Yong-Joon La. College of Agricul-
ture, Seoul National University, Suweon, Korea
The efficiency of three fluorochromes, i.e., DAPI (4'-6-diamino-2-phenylindole * 2HCI),
aniline blue, and quinacrine for the diagnosis of MLO (mycoplasma-like organisms) infections
in jujube, mulberry, and periwinkle plants was investigated. Stem sections from mulberry and
periwinkle plants, both infected with mulberry dwarf, and from jujube tree, infected with
witches' broom, developed distinct fluorescence in the phloem elements when treated with each
of the fluorochromes. This fluorescence, which seems to be related to the occurrence ofmyco-
plasma-like organisms, was absent in samples from healthy-looking plants. MLO presence was
also detected in the root of infected jujube tree by DAPI staining. Thus, the use of DAPI,
aniline blue, and quinacrine as fluorochromes provided efficient techniques for the detection
of MLO infections in jujube, mulberry, and periwinkle plants. Among the fluorochromes used,
DAPI appeared to be most efficient. Fluorescence was more distinct when diseased samples
were fixed in 5 percent glutaraldehyde or 4 percent formalin before staining with DAPI or
quinacrine. For aniline blue staining, samples prefixed in 5 percent glutaraldehyde or 4 percent
formalin prior to treatment in boiling water developed somewhat stronger fluorescence than
those samples without prefixation.
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